1. Introduction {#sec0005}
===============

International labor migration from developing to developed countries has increased three-fold over the past 40 years. Skilled labor emigration has been rising at an even faster rate ([@bib0115]). In 2000, immigrants with tertiary education constituted 31.4% of African immigrants, 27.6% of Latin American immigrants, and 43f.5% of Asian immigrants ([@bib0110]).[1](#fn0005){ref-type="fn"} This level of skilled migration can be alarming given that the proportion of highly skilled workers in the labor force was only 3.6% in African countries and 6% and 11.8% in Asian and Latin and Caribbean countries, respectively. The emigration of skilled labor from developing economies is typically labeled brain drain and can raise vital concerns for governments in developing countries as they design programs that finance higher education. Factors that alleviate the problem of brain drain are remittances and brain gain (when workers acquire more education in hopes of migration to a higher wage labor market). This study demonstrates that policymakers can mitigate the negative impact of brain drain and extract more benefit from brain gain by lowering the price of remittances, aligning it with the UN's Sustainable Development Goals.

A general equilibrium model is built in which a worker can choose to migrate and then send remittances home if the utility from migration to a labor market with higher wages exceeds that from staying. However, of those who desire to migrate, only a fraction succeeds (brain drain). Those whose migration plans do not materialize accumulate more human capital, earn higher incomes, and accrue more savings, than they would have in the absence of migration possibilities (brain gain). Remittances further increase the incomes and savings of stayers. However, there is the possibility of a harmful secondary effect: as individuals borrow to finance their education, aggregate borrowing increases, which puts upward pressure on interest rates, making it prohibitive to invest in higher education. The model is calibrated for a set of eight African countries for which some data on student loans is available, and numerical results derived. It is shown that if policymakers successfully reduce the price of remittances, the harm from the secondary effect is mitigated, and the brain gain channel is strengthened, skilled migration rates fall, and human capital increases.

This study builds on earlier research by [@bib0065]; [@bib0135]; [@bib0085]; [@bib0105]; [@bib0200] and [@bib0030], that documents the impact of migration on human capital accumulation and investment while taking into account credit market dynamics. However, this work is novel in that it calculates the benefits of a reduction in remittance prices explicitly while taking into account the effect of this reduction on interest rates and migration decision.

Remittance prices are the transfer costs migrants must pay in order to send funds home, calculated as the transaction fee relative to the value sent. The World Bank estimates that with a reduction in the remittance price to 5%, developing countries would receive over \$16 billion additional funds a year.[2](#fn0010){ref-type="fn"} Given the importance of remittances for the receiving economies, one of the UN Sustainable Development Goals is the reduction of remittance prices from its worldwide average of 7% to less than 3% and the elimination of remittance corridors with costs higher than 5%. The importance of reducing remittance prices has been recognized by policymakers for over a decade. Leaders at the 2009 G-8 meeting and the 2014 G-20 meeting pledged to reduce remittance prices as well. Increasing access to banking services, particularly mobile banking, increasing competition between money transfer agencies, and improving information for migrants on costs at these agencies, are simple steps to reduce the costs of transferring funds ([@bib0275]). Additionally, governments can reevaluate their range of regulations to improve transparency of international transaction if these increase migrants' costs of transferring money home ([@bib0055]).

The remainder of the paper is organized as follows. The next section describes the related literature. The sections that follow introduce the model and describe the equilibrium. It is succeeded by discussion of the calibration strategy and presentation of the numerical findings. The last two sections respectively, discuss the policy implications of the findings and present the study's conclusion.

2. Related literature {#sec0010}
=====================

Early literature on brain drain suggested that the migration of skilled labor made those left behind worse off ([@bib0070]; [@bib0205]; [@bib0255]), leading some economist to advocate taxing emigrants. However, later literature concluded that when workers are faced with a probability of migration to a labor market with a higher wage than prevalent at home, they accumulate more human capital levels than in the absence of migration so that the unsuccessful migrants boost the nation's stock of human capital in net ([@bib0235]; [@bib0250]).[3](#fn0015){ref-type="fn"} The positive effect that the prospect of migration can have on human capital accumulation is typically labeled "brain gain". Empirically, evidence of brain gain is mixed. [@bib0060] and [@bib0065] find evidence of brain gain effect whereas Faini (2003) fails to find such an effect.

Migration can also increase human capital through the effect of remittances. The impact of remittances on human and physical capital, and, in turn, growth, typically depends on the extent to which households use these funds for investment versus consumption. Many studies find that remittances are used for human capital investment: [@bib0015] find evidence of this in Ghana, [@bib0270] finds similar patterns for the Philippines, and [@bib0150] find the same for Kenya. Also, evidence of the use of that remittances for physical capital investment has been document by [@bib0010] for rural Pakistan, [@bib0165] for Kenya, and [@bib0245] for China.[4](#fn0020){ref-type="fn"}

Although some studies have found that remittances are spent on consumption smoothing rather than investment, there is ample evidence of the contribution of remittances to economic growth and productivity ([@bib0025]; [@bib0145]; [@bib0155]; [@bib0175]), which points to their importance in financing investment.[5](#fn0025){ref-type="fn"}

This study is also related to papers that have explored the forces that can shape the brain gain effect. For example, [@bib0095] incorporates fertility choice in an endogenous growth model and shows that while an increase in skilled migrants' probability of successful migration leads to brain drain in the long run, an increase in the probability of migration of low skilled migrants can lead to brain gain. [@bib0230] and [@bib0090] identify return migration as a channel through which migration can lead to brain gain.

This study demonstrates that brain gain can be strengthened by the lowering of remittance prices, and that this lowering can lead households to invest more in human capital, save more, and migrate less.

3. The model {#sec0015}
============

The model employed is a heterogenous-agent overlapping generations model with each individual living for three periods. In the first period individuals choose whether they will borrow to finance human capital as in the work by [@bib0100]; in the second period individuals make their migration choices as in the work by [@bib0125]. However, not everyone is successful in their attempt to migrate as in the work by [@bib0230] and [@bib0060]. The probability of actually migrating is given by 0 \< $l$ \< 1. The inclusion of uncertainty in an individual's migration outcome in the model is motivated by real-world features such as border restrictions and visa procedures set by receiving countries.

Those who do migrate work abroad at a higher wage and do not return. Those who stay home work at the prevailing domestic wage, pay back their loans and make their savings decision. In the last period agents retire and consume savings.

3.1. Households ability and home preference distribution {#sec0020}
--------------------------------------------------------

Individuals are heterogeneous along two dimensions, ability denoted by *z* and indexed by *j* and preference for staying at home denoted by *θ* and indexed by *i*. Heterogeneity in ability (represented by *z~j~*) is uniformly distributed between \[0,1\] following [@bib0195].[6](#fn0030){ref-type="fn"} And following [@bib0125], preference for living in the home country (represented by *θ~i~*) is distributed according to a Pareto function such that,$$f\left( \theta \right) = \frac{\varepsilon}{\theta^{\varepsilon + 1}},\, F\left( \theta \right) = 1 - \frac{1}{\theta^{\varepsilon}},\,\theta \in \left\lbrack {1,\text{∞)}} \right.,\,\varepsilon > 0$$where *ε* is a parameter of the Pareto distribution. If an individual lives at home, their utility is augmented by an idiosyncratic *θ~i~ \>* 1, but they receive no such augmentation if they migrate. The lower utility of living abroad represents social and psychological costs that come with adapting to a new environment ([@bib0125]).

3.2. Human capital evolution {#sec0025}
----------------------------

Individual $(i,j)$ is born in *t*−1, borrows $b_{ij,t - 1}$, and accumulate human capital $h_{ij,t}$. Human capital accumulated by each individual depends on their borrowing $b_{ij,t - 1}$ and on the aggregate level of the previous generation's human capital, *H~t~* ~−1~, and is governed by the following function as in the paper by [@bib0100],$$h_{ij,t} = {b_{ij,t - 1}}^{\text{λ}}H_{t - 1}^{1 - \text{λ}}$$where 0 *\< λ \<* 1 determines the elasticity of human capital to borrowing.

3.3. Household types {#sec0030}
--------------------

Individuals with high enough ability *z~j~* invest in human capital. Individuals with high enough *θ~i~* stay at home, earn returns on their human capital at home and invest their savings at home; individuals with low enough *θ~i~* plan to migrate. After the migration outcome is revealed, the individual, in period *t*, decides on his optimal savings for retirement in period. The threshold of *z~j~* above which households invest in education is derived in section ([4.3](#sec0070){ref-type="sec"}), and the threshold of *θ* above which individuals will stay home is derived in [Appendix A](#sec0120){ref-type="sec"}.

Therefore, three types of individuals exist in each generation: stayers who invest in human capital, those who wish to migrate, and those who do not invest in human capital. The optimization problems and optimal levels of human capital, borrowing, and savings for those types are derived next.

### 3.3.1. Household type I: stayers {#sec0035}

An individual (*i,j*) living in the origin country (o) who does not wish to migrate but invests in human capital is referred to as a *stayer*. Stayers maximize the following utility function,$$U_{ij}^{o} = {\text{ln}\left( {\text{θ}_{i}c_{ij,t}^{o_{1}}} \right)} + \text{δ}{\text{ln}\left( {\text{θ}_{i}c_{ij,t + 1}^{o_{1}}} \right)}$$subject to human capital accumulation function [(2)](#eq0010){ref-type="disp-formula"} and the following budget constraints,$$c_{ij,t}^{o_{1}} = z_{j}h_{ij,t}^{o} - s_{ij,t}^{o_{1}} - R_{t - 1}b_{ij,t - 1}^{o}$$ $$c_{ij,t + 1}^{o_{1}} = s_{ij,t}^{o_{1}}R_{t}$$where *δ* is the discount rate, and *R~t~* ~−1~ and *R~t~* are the relevant interest rates. Ability $(z_{j})$ augments earning from human capital so that if two workers have the same level of human capital, the higher ability worker with higher *z~j~* would earn a higher income. $s_{ij,t}^{o_{1}}$ is savings for stayers who invest in human capital and $z_{j}h_{ij,t}^{o} - R_{t - 1}b_{ij,t - 1}^{o}$ is life-cycle income for stayer *i*.[7](#fn0035){ref-type="fn"}

The optimal levels of borrowing, human capital, and savings implied by the above maximization problem are,$$b_{ij,t - 1}^{o} = \left( \frac{z_{j}\text{λ}}{R_{t - 1}} \right)^{\frac{1}{1 - \text{λ}}}H_{t - 1}\,$$ $$h_{ij,t}^{o} = \left( \frac{z_{j}\text{λ}}{R_{t - 1}} \right)^{\frac{\text{λ}}{1 - \text{λ}}}H_{t - 1}\,$$ $$s_{ij,t}^{o_{1}} = \frac{\delta}{1 + \delta}\left( {z_{j}h_{ij,t}^{o} - R_{t - 1}b_{ij,t - 1}^{o}} \right)\,$$

Stayers' human capital is negatively related to interest charged on debt, and their savings are a constant fraction of income. Using optimal levels of borrowing and human capital for stayers given by [(6)](#eq0030){ref-type="disp-formula"} and [(7)](#eq0035){ref-type="disp-formula"}, the life-cycle income can be rewritten as $\left( {1 - \lambda} \right)z_{j}h_{ij,t}^{o}$. Hence, the indirect utility of the individual staying in the origin country is given by,$$\text{V}_{\text{i}\text{j},\text{t}}^{\text{o}_{1}} = {\ln\left( {{\theta_{i}}^{1 + \delta}\left( \frac{1}{1 + \delta} \right)^{1 + \delta}\delta^{\delta}R_{t}^{\delta}\left( {\left( {1 - \lambda} \right)z_{j}h_{ij,t}^{o}} \right)^{1 + \delta}} \right)}$$

### 3.3.2. Household type II: those who desire to migrate {#sec0040}

An individual $(i,j)\,$ who wishes to migrate and live in the destination country $(d)\,$ is referred to as a *possible migrant*. Before knowing whether he will successfully migrate or not, the possible migrant enters into a remittances contract with other possible migrants of the same type with whom he has familial ties. This contract dictates that those who successfully migrate remit a portion of their income back to those who remain behind. The remittances contract is discussed in more detail in section [3.3.3](#sec0045){ref-type="sec"}.

Possible migrants choose how much to borrow and invest in human capital ($b_{ij,t - 1}^{d}$ and $h_{ij,t - 1}^{d}$), and how much to save if they migrate or if they stay home ($s_{ij,t}^{d}$ and $s_{ij,t}^{o_{2}}$) to maximize the following expected utility function,$$U_{ij,t}^{d} = l\left\{ {{\text{ln}\left( c_{ij,t}^{d} \right)} + \text{δ}{\text{ln}\left( c_{ij,t + 1}^{d} \right)}} \right\} + \left( {1 - l} \right)\left\{ {{\text{ln}\text{θ}_{i}}\left( c_{ij,t}^{o_{2}} \right) + \text{δ}{\text{ln}\text{θ}_{i}}\left( c_{ij,t + 1}^{o_{2}} \right)} \right\}$$subject to the human capital accumulation function [(2)](#eq0010){ref-type="disp-formula"} and the following budget constraints,$$c_{ij,t}^{d} = \left( {1 - \text{τ}} \right)xz_{j}h_{ij,t}^{d} - s_{ij,t}^{d}$$ $$c_{ij,t + 1}^{d} = s_{ij,t}^{d}R^{d}$$ $$c_{ij,t}^{o_{2}} = z_{j}h_{ij,t}^{d} - s_{ij,t}^{o_{2}} - R_{t - 1}b_{ij,t - 1}^{d} + \left( {1 - p} \right)T$$ $$c_{ij,t + 1}^{o_{2}} = s_{ij,t}^{o_{2}}R_{t}$$where *x \>* 1 represents the higher earnings abroad and *R^d^* represents the foreign interest rate, which is unchanged by migration. 0 *\< τ \<* 1 is the portion of income a migrant remits to other family members, while *T* is the amount of remittances received and *p* is the remittance price defined as the cost of sending funds home.

Note that migrants default on debt when they leave their country of origin. To motivate this assumption, it is observed that bankers in small countries have expressed reluctance to make student loans given the uncertainty of debt repayment in light of the established patterns of skilled emigration ([@bib0185]).[8](#fn0040){ref-type="fn"} Similarly, Kenya, which does provide students loans to cover public and private education, has historically faced difficulty in collecting repayment partly because of emigration and poor record keeping and enforcement ([@bib0220]). The phenomenon of debtors leaving a country and avoiding debt repayment was also a serious concern in Dubai in 2009, as indebted expatriates made unemployed by the financial crisis began leaving the country, debts unpaid ([@bib0265]).[9](#fn0045){ref-type="fn"}

To find an analytical solution, $\phi$ is defined as the portion of migrant income accruing to a single individual at home. Since remittances by a single individual can be distributed over several family members who stay, it is possible that $\tau\, \neq \,\phi$.[10](#fn0050){ref-type="fn"} In this case, *T* in terms of *φ* is defined as,$$T = \text{ϕ}z_{j}h_{ij,t}^{d}$$

On average, if the family size is *F*, then $lF$ fraction of the family migrates, and $(1 - l)F$ stays. Therefore, remittances sent by migrant family members of type $(\theta_{i},z_{j})$ equal $lF(\tau xz_{j}h_{ij,t}^{d})$, which would be distributed over $(1 - l)F$ stayers and each receives $T = lF(\tau xz_{j}h_{ij,t}^{d})/((1 - l)F)$. Therefore, $\text{ϕ} = lx\text{τ}/\left( {1 - l} \right).$

The solution to the maximization problem of possible migrants yields,$$b_{ij,t}^{d} = \left( \frac{\text{Φ}z_{j}\text{λ}}{KR_{t - 1}} \right)^{\frac{1}{1 - \text{λ}}}H_{t - 1}\,$$ $$h_{ij,t}^{d} = \left( \frac{\text{Φ}z_{j}\text{λ}}{KR_{t - 1}} \right)^{\frac{\text{λ}}{1 - \text{λ}}}H_{t - 1}\,$$ $$s_{ij,t}^{d} = \frac{\text{δ}}{1 + \text{δ}}\left( {1 - \text{τ}} \right)xz_{j}h_{i,t}^{d}$$ $${\, s}_{ij,t}^{o_{2}}\, = \frac{\delta}{1 + \delta}\left( {1 + \left( {1 - p} \right)\phi - \lambda\frac{\text{Φ}}{K}} \right)z_{j}h_{ij,t}^{d}$$where $b_{ij,t}^{d},\, h_{ij,t}^{d},\, and\, s_{ij,t}^{d}$ are the optimal levels of borrowing, human capital accumulation, and savings of an individual who wish to migrate but fails. $K = \left( {1 - l + l\lambda} \right)$ and $\Phi\, = \, 1 + \left( {1 - p} \right)\phi l\,$ are defined for simplicity of exposition and also because these two expression summarize the effect of the possibility of migration and remittances on human capital decisions of those who stay.

A comparison of the expressions for the human capital of stayers and migrants given, respectively, by [(7)](#eq0035){ref-type="disp-formula"} and [(17)](#eq0085){ref-type="disp-formula"}, makes clear that those who wish to migrate accumulate more human capital ($h_{ij,t}^{o}$ \< $h_{ij,t}^{d}$) by a factor of $\left( \frac{\text{Φ}}{K} \right)^{\frac{\lambda}{1 - \lambda}} >$ 1. There are two reason for the higher level of human capital accumulated by migrants. First, the possibility of migrating to a labor market with higher wages and defaulting on repayment augments human capital accumulation by a factor of $\left( \frac{1}{K} \right)^{\frac{\lambda}{1 - \lambda}}$ \>1. The second reason is the presence of remittances, which augments human capital by a factor of $\left( \text{Φ} \right)^{\frac{\lambda}{1 - \lambda}}$ \>1. A person who wanted to migrate and default, and now has to pay back the debt and stay home, can use remittances to pay back some of the debt and therefore accumulates more human capital to begin with (compared to the case where the worker receives no remittances). Therefore, migration boosts some individuals' human capital (brain gain). However, aggregate human can rise or fall depending the fraction of the population that migrates and no longer works at home (brain drain).

Eq. [(19)](#eq0095){ref-type="disp-formula"}, describes the savings rates for possible migrants who fail to migrate. These individuals save a fraction $\frac{\text{δ}}{1 + \text{δ}}\left( {1 + \left( {1 - p} \right)\text{ϕ} - \text{λ}\frac{\text{Φ}}{K}} \right)$ of their income. Remittances boost savings of possible migrants who stay by increasing the fraction saved.

If a possible migrant successfully migrates, then the indirect utility of the migrant can be obtained by substituting [(17)](#eq0085){ref-type="disp-formula"} and [(18)](#eq0090){ref-type="disp-formula"} into the budget constraints, yielding$${\, V}_{ij,t}^{d} = \text{l}\text{n}\left( {\left( \frac{1}{1 + \delta} \right)^{1 + \delta}\delta^{\delta}{R^{d}}^{\delta}\left( {\left( {1 - \tau} \right)xz_{j}h_{ij,t}^{d}} \right)^{1 + \delta}} \right)\,$$

If a possible migrant stays home instead of migrating, then the indirect utility of the migrant can then be obtained by substituting [(17)](#eq0085){ref-type="disp-formula"} and [(19)](#eq0095){ref-type="disp-formula"} into the budget constraints, yielding$$V_{ij,\text{t}}^{o_{2}} = \text{l}\text{n}\,\left( {\theta_{i}^{1 + \delta}\left( {\left( \frac{1}{1 + \delta} \right)^{1 + \delta}\delta^{\delta}R_{t}^{\delta}\left( {\left( {1 + \left( {1 - p} \right)\phi - \lambda\frac{\text{Φ}}{K}} \right)z_{j}h_{ij,t}^{d}} \right)^{1 + \delta}} \right)} \right)$$

### 3.3.3. Remittances contract {#sec0045}

An individual enters into a remittances contract in period *t*−1 only if, a priori, the expected lifetime indirect utility of paying remittances is bigger than or equal to the expected lifetime utility of not paying remittances. Formally, an individual will enter in an enforceable remittances contract if,$$\left( {lV_{ij,t}^{d}} \right) + \left( {\left( {1 - l} \right)V_{ij,t}^{o_{2}}} \right) \geq \left( {lV_{ij,t}^{d,NR}} \right) + \left( {\left( {1 - l} \right)V_{ij,t}^{o_{2},NR}} \right)$$where $V_{ij,t}^{d}$ (given by Eq. [(20)](#eq0100){ref-type="disp-formula"}) is the lifetime utility of migrant in a remittances contract. And

$V_{ij,t}^{o_{2}}$ (given by Eq. [(21)](#eq0105){ref-type="disp-formula"}) is the lifetime utility of the individual in a remittances contract but fails to migrate. $V_{ij,t}^{d,NR}$ and $V_{ij,t}^{o_{2},NR}$ are the lifetime utilities for a migrant and a stayer who would have liked to migrate, without a remittances contract. To find $V_{ij,t}^{o_{2},NR}$and $V_{ij,t}^{o_{2},NR}$, $V_{ij,t}^{d}$ and $V_{ij,t}^{o_{2}}$ are evaluated at τ = 0 and $\text{ϕ} = \, 0.$

The constraint in [(22)](#eq0110){ref-type="disp-formula"} amounts to a participation constraint that defines a threshold level of, $\widehat{\tau}$ below which an individual would be better off participating in the remittances contract when he is still not sure whether he will migrate or not. Simplifying [(22)](#eq0110){ref-type="disp-formula"}, $\widehat{\tau}$ is found as follows,$$\widehat{\text{τ}} \leq 1 - \left\lbrack {\left( \frac{1 - \text{λ}/K}{1 + \left( {1 - p} \right)\text{ϕ} - \text{λ}\text{Φ}/K} \right)^{({1 - l})}\frac{1}{\text{Φ}}^{(\frac{\text{λ}}{1 - \text{λ}})}} \right\rbrack^{\frac{1}{l}} < 1$$

Eq. [(23)](#eq0115){ref-type="disp-formula"} is not an explicit function of *τ* since $\phi$ and $\text{Φ}\,$ vary with *τ*. However, Eq. [(23)](#eq0115){ref-type="disp-formula"} shows that there exists a positive level of remittances that would make the possible migrant enter into a remittances contract. It is assumed that the level of *τ* satisfies the constraint given by (23) and that all migrants enter into a remittances contract and honor their commitment.

### 3.3.4. Household type III: least skilled {#sec0050}

The next worker whose problem is formalized is the one with very low ability *z~j~*, who finds it optimal not to invest in human capital and is labeled as least skilled. The least skilled earns an income $a$ in period *t*, some of which is saved for period *t* + 1. The least skilled are excluded from the credit markets, and therefore do not receive a return on their savings. The implications of excluding the least skilled from capital markets are discussed in section ([4](#sec0055){ref-type="sec"}).

Therefore, an individual $(i,j)$ living in the origin country $(o)$ who does not wish to migrate or invest in human capital (referred to as a *least skilled* individual) maximizes the following utility function,$$U_{ij,t}^{n} = {\text{ln}\left( {\text{θ}_{i}c_{ij,t}^{n}} \right)} + \text{δ}{\text{ln}\left( {\text{θ}_{i}c_{ij,t + 1}^{n}} \right)}$$subject to the following budget constraints,$$c_{ij,t}^{n} = a - s_{ij,t}^{n}$$ $$c_{ij,t + 1}^{n} = s_{ij,t}^{n}$$

The solution to the least skilled optimization problem is the following optimal savings function$$s_{ij,t}^{n} = \frac{\text{δ}}{1 + \text{δ}}a$$and the indirect utility is given by,$$V_{ij,t}^{n} = {{\text{l}\text{n}\left( {{{\,\theta}_{i}}^{1 + \delta}\left( \frac{1}{1 + \delta} \right)^{1 + \delta}\delta^{\delta}a^{1 + \delta}} \right)\,}_{\,}}^{\,}$$

4. Aggregation {#sec0055}
==============

Now that the decision processes of individuals have been formalized, the next section proceeds to find the fraction of the population that will invest in human capital. The fraction of the population that wants to migrate is derived in [Appendix A](#sec0120){ref-type="sec"}. This is followed by derivations of aggregate human capital, savings, and borrowing levels.

4.1. Human capital investment decision threshold {#sec0060}
------------------------------------------------

Although it has been assumed that the least skilled will not migrate,[11](#fn0055){ref-type="fn"} the decision to invest in human capital is endogenous for stayers. Those who do not wish to migrate will only invest in human capital if and only if $V_{ij,\text{t}}^{o_{1}} \geq V_{ij,t}^{n}$ which implies that the utility of investing in human capital and staying home is larger than the utility of not investing in human capital and simply earning income *a*. This inequality gives rise to a threshold of ability, $\widehat{z}$, above which the individual will invest in human capital. Formally, anyone with ability *z~i~* above the threshold $\widehat{z}$ given below will invest in human capital,$$\widehat{z} = \frac{1}{\left( {1 - \text{λ}} \right)^{({1 - \text{λ}})}\text{λ}^{\text{λ}}}\left( \frac{a}{H_{t - 1}} \right)^{1 - \text{λ}}\frac{R_{t - 1}^{\text{λ}}}{R_{t}^{\frac{\text{δ}}{1 + \text{δ}}}}\,$$

4.2. Aggregate human capital {#sec0065}
----------------------------

The fraction of the population that would like to migrate, since its preference for staying at home $\left( \theta_{i} \right)$ is low enough to ensure that its utility from migration is higher than that from staying, is defined as *m~t~*. The full expression for *m~t~* is in [Appendix A](#sec0120){ref-type="sec"}. Since *m~t~* is the desired migration rate and only $l$ migrate successfully, then $lm_{t}$ as the realized migration rate. Aggregate human capital for a generation is given by[12](#fn0060){ref-type="fn"} $$H_{t} = {\int_{\widehat{z}}^{1}{\left\{ {\left( {1 - m_{t}} \right)h_{j,t}^{o} + m_{t}\left( {1 - l} \right)h_{j,t}^{d}} \right\} f\left( z \right)dz}}$$

From the expressions for the human capital of stayers and of those who would prefer to migrate, given respectively by [(7)](#eq0035){ref-type="disp-formula"} and [(17)](#eq0085){ref-type="disp-formula"}, the aggregate level of human capital in the country of origin becomes,$$H_{t} = {\int_{\widehat{z}}^{1}{\left\{ {\left( \frac{z_{j}\text{λ}}{R_{t - 1}} \right)^{\frac{\text{λ}}{1 - \text{λ}}}\left( {1 + m_{t}\left( {\left( {1 - l} \right)\left( \frac{\text{Φ}}{K} \right)^{\frac{\text{λ}}{1 - \text{λ}}} - 1} \right)} \right)} \right\} H_{t - 1}f\left( z \right)dz}}\,$$ $$= \left( {1 - \text{λ}} \right)\left( {1 - {\widehat{z}}^{\frac{1}{1 - \text{λ}}}} \right)\left( \frac{\text{λ}}{R_{t - 1}} \right)^{\frac{\text{λ}}{1 - \text{λ}}}\left( {1 + m_{t}\left( {\left( {1 - l} \right)\left( \frac{\text{Φ}}{K} \right)^{\frac{\text{λ}}{1 - \text{λ}}} - 1} \right)} \right)H_{t - 1}\,$$

Note that remittance prices have an impact on aggregate human capital through their effect on individuals' human capital decision, their effect on interest rates, and their effect on migration decisions.

4.3. Aggregate borrowing and savings {#sec0070}
------------------------------------

The aggregate level of savings for a generation, *S~t~*, is given by,$$S_{t} = {\int_{\widehat{z}}^{1}{\left\{ {\left( {1 - m_{t}} \right)s_{j,t}^{o1} + m_{t}\left( {1 - l} \right)s_{j,t}^{o2}} \right\} f\left( z \right)dz}}.$$

And aggregate borrowing is given by,$$B_{t - 1} = {\int_{\widehat{z}}^{1}{\left\{ {\left( {1 - m_{t}} \right)b_{i,t - 1}^{o} + m_{t}b_{i,t - 1}^{d}} \right\} f\left( z \right)dz\,}}$$

The assumption of excluding the least skilled individuals from the credit markets does not change the expression for aggregate borrowing in the model. This is because borrowing is exclusively used for education. If the least skilled were able to invest their savings, the level of savings they would accumulate would still be given by $\frac{\delta}{1 + \delta}a$, since they save a fraction of their income determined by the discount rate *δ*. Therefore, the aggregate savings function would be given $S_{t} = {\int_{\widehat{z}}^{1}{\{\left( {1 - m_{t}} \right)s_{j,t}^{o1}}} + m_{t}\left( {1 - l} \right)s_{j,t}^{o2}\} f\left( z \right)dz + {\int_{0}^{\widehat{z}}{\frac{\delta}{1 + \delta}af\left( z \right)dz}}$, where the first integral sums over the savings of those who accumulate human capital and the second integral sums over those who do not (the least skilled). Examining this expression reveals that the savings of the least skilled can only impact the aggregate savings function *S~t~* through changes in $\widehat{z}$, since *a* and *δ* are constants. However, even without considering the savings of the least skilled, changes in $\widehat{z}$ are already taken into account as they change the aggregate savings of those who accumulate human capital (by changing the limits of the first integral).

For example, if a parameter (other than *δ* or *a*) change caused $\widehat{z}$ to increase, this would mean that a higher threshold of ability must be attained in order for a worker to invest in human capital, increasing the proportion of least skilled workers in the economy and decreasing the number of skilled workers. This in turn would increase the contributions of the least skilled to aggregate savings (if their savings were included in aggregate savings), but reduce the contributions of those who accumulate human capital. The key, however, is that those who accumulate human capital would have a higher level of savings than the least skilled, implying that aggregate savings would fall as threshold $\widehat{z}$ increased. Qualitatively, the model still predicts that aggregate savings would fall with a higher $\widehat{z}$ even if the least skilled were excluded from capital markets and their contributions to aggregate savings were ignored.

5. Equilibrium {#sec0075}
==============

Equilibrium in the asset market requires that,

which in turn determines the equilibrium interest rate in the origin country, *R~t~* ~−1~. Using the optimal levels of borrowing derived for individuals who live in the origin country and the expressions for aggregate savings and borrowing, the interest rate which clears the asset market is given by$$R_{t - 1} = R_{t - 2}^{\text{λ}}\left\lbrack {\left( {\text{λ}\frac{1 + \text{δ}}{\text{δ}}} \right)\frac{1 + m_{t}\left( {\left( \frac{\text{Φ}}{K} \right)^{\frac{1}{1 - \text{λ}}} - 1} \right)}{\left( {1 - \text{λ}} \right) + m_{t - 1}\left( {\left( {1 - l} \right)\left( {1 + \left( {1 - p} \right)\text{ϕ} - \text{λ}\frac{\text{Φ}}{K}} \right)\left( \frac{\text{Φ}}{K} \right)^{\frac{\text{λ}}{1 - \text{λ}}} - \left( {1 - \text{λ}} \right)} \right)}} \right\rbrack^{1 - \text{λ}}.$$

5.1. Steady state {#sec0080}
-----------------

To find the origin country's steady state interest rate, the equalities *R~t~* ~−2~ = *R~t~* ~−1~ = *R~t~* = *R* and *m~t~* ~−1~ = *m~t~* = *m* are imposed. This yields the following expression for the steady state interest rate, *R*:$$R = \underset{g{(m)}}{\underbrace{\left\lbrack {\left( {\text{λ}\frac{1 + \text{δ}}{\text{δ}}} \right)\frac{1 + m\left( {\left( \frac{\text{Φ}}{K} \right)^{\frac{1}{1 - \text{λ}}} - 1} \right)}{\left( {1 - \text{λ}} \right) + m\left( {\left( {1 - l} \right)\left( {1 + \left( {1 - p} \right)\text{ϕ} - \text{λ}\frac{\text{Φ}}{K}} \right)\left( \frac{\text{Φ}}{K} \right)^{\frac{\text{λ}}{1 - \text{λ}}} - \left( {1 - \text{λ}} \right)} \right)}} \right\rbrack}}.$$

The existence of the equilibrium is discussed in [Appendix D](#sec0135){ref-type="sec"}. Note that the interest rate is a function of remittances and remittance prices. More remittances and lower remittance prices increase savings directly as more funds arrive, and indirectly through their effect on human capital accumulation, borrowing, and desired migration $(m)$. Next, numerical results are turned to in the next section to estimate the degree to which remittance price reduction can change the interest rate and the migration rate, and in turn, human capital.

6. Numerical results from policy experiment {#sec0085}
===========================================

In this section, the effects of reducing remittance prices upon the growth of human capital accumulation, interest rates, and desired migration rates, as implied by the model, are estimated. To do so, the model is calibrated to match data from developing countries from which emigrants depart, and developed economies, the migrants' destination.

6.1. Calibration strategy {#sec0090}
-------------------------

First, the traditional parameters of the model are calibrated. The variable *x*, which captures the differences in productivity between developing and developed countries, is assumed to equal 2, as in the paper by [@bib0195]. The discount rate, *δ*, is set to 0.5. Eq. [(15)](#eq0075){ref-type="disp-formula"}, which defines $\phi$ as T/ $z_{j}h_{ij,t}^{d}$, where T is remittances received and $z_{j}h_{ij,t}^{d}$is income earned, is used to calibrate *φ*. Therefore, the World Bank's estimates of remittances received by the host country as a percent of its GDP is taken for the value of $\phi$.

Since detailed data on student loans in developing economies is not available, structural estimation of the nontraditional parameters of the model is not possible. Therefore, a simple calibration strategy is employed to calculate *λ*, $l$, and *ε* for a set of eight African countries for which data on student loan interest rates and borrowing levels are available for the year 2005. The countries are Burkina Faso, Ethiopia, Ghana, Kenya, Namibia, Nigeria, Rwanda, and South Africa. Their pertinent data are listed in [Table 1](#tbl0005){ref-type="table"} . Although developing economies have historically offered free public education, this trend has seen changes as some countries have opted for cost sharing programs whereby some education expenses (such as boarding, program fees, tuition) are charged to students ([@bib0260]). As such cost sharing increased, student loans were introduced to help students deal with paying their share of the expenses. In 2003, after cost sharing was introduced, Ethiopia established a loan program in which students borrow to cover food, lodging and 15% of tuition cost. The loans required repayment to start a year after degree completion ([@bib0170]; [@bib0280]). Similarly, Ghana also offers students loans with a subsidized interest rate ([@bib0040]). Recently, Strathmore University (a private institution in Kenya), the World Banks' International Finance Corporation, and the Commercial Bank of Africa Ltd established a loan program for students enrolled in the University. Similarly, South Africa and Nigeria, have student loan programs. The First Bank of Nigeria Ltd offers student loans for those seeking private education.[13](#fn0065){ref-type="fn"} Table 1Data used for calibration.Table 1CountryBorrowing limitsRepayment periodUnit cost of tertiary educationInterest rate on student loansSkilled migration rate ($lm$)Remittances Rate (ϕ)Burkina Faso\$9986 years\$13643%1.75%3.70%Ethiopia\$1,290--\$1,81415 years\$389−\$888Average bank rates while the student is in school15.81%1.00%Ghana\$138015 years\$1083−\$180610.25% compounded annually plus 4%23.46%5.40%Kenya\$2032\$33874%23.74%3.10%NamibiaN\$R400 per studentShort repayment horizon\$1643Interest equal to half of prime rate, no compounded8.13%0.60%Nigeria14,300 Naira10 years14300 Naira7%13.16%6.10%Rwanda\$6445--\$8057\$2846--US\$71165% Compounded from loan origination12.09%2.70%South Africa\$516--\$8397\$5263--\$8010Inflation plus an additional 2%10.34%0.30%Data SourceExperton and Fevre (2010)Experton and Fevre (2010)Experton and Fevre (2010)Experton and Fevre (2010)IAB (2010, 5 year average)WDI (2017)

The parameters, $l$, *ε*, and initial value of *m*, are simultaneously calibrated using three equations: the equilibrium interest rate equation given by [(37)](#eq0185){ref-type="disp-formula"}, the equilibrium desired migration rate given by [(40)](#eq0200){ref-type="disp-formula"}, and $lm$ set equal to each country's emigration rate among those with tertiary education, retrieved from the IAB Brain Drain Dataset, published by the German Institute for Employment Research ([@bib0080]). Using a value of *R* equal the student loan interest rates (listed in [Table 1](#tbl0005){ref-type="table"}) and the aforementioned equations, a nonlinear equation solver enabled solving for $l$, *ε*, and *m*. The computed values of the parameters for each country are listed in [Table 2](#tbl0010){ref-type="table"} .Table 2Computed values.Table 2Country$\frac{b_{ij,t - 1}}{H_{t - 1}}$Computed *l*Computed *m*Computed *ε*Burkina Faso0.730.140.120.132Ethiopia0.50.220.711.2092Ghana0.760.300.771.5855Kenya0.60.270.882.1644Namibia0.810.230.360.419Nigeria0.480.180.731.4597Rwanda0.680.310.400.4827South Africa0.670.280.370.4319

To calculate *λ* for each of the eight countries, the fact that *λ* is the elasticity of human capital with respect to debt, and therefore, can be written as $\frac{\text{δ}H_{t - 1}}{\text{δ}b_{ij,t - 1}}\frac{b_{ij,t - 1}}{H_{t - 1}}$, is exploited. $\frac{\text{δ}H_{t - 1}}{\text{δ}b_{ij,t - 1}}$ is scaled so

that the interest rate in the model lies between 0 and 1. Finally, interpretation of *b~ij,t~* ~−1~ and *H~t~* ~−1~ as the dollar amount borrowed and the dollar cost of education enables calculation of *λ*. Utilized data on the ratio of borrowing to the cost of education is listed in [Table 1](#tbl0005){ref-type="table"}.

Finally, remittance prices for the sample of countries are retrieved from the World Bank's Remittance Prices Worldwide database. [Table 3](#tbl0015){ref-type="table"} shows the average transaction costs of sending remittances to these countries. The highest remittance price in the sample stands at over 19.5% for Namibia. Indeed, some African countries have the highest costs of sending funds home ([@bib0190]). Even so, Africans are found to remit twice as much on average as migrants from other developing countries ([@bib0075]).Table 3Average transaction cost of sending remittances to the specified country.Table 3CountryRemittance prices (%)Burkina Faso5.485Ethiopia7.203Ghana7.794Kenya9.403Namibia19.476Nigeria7.762Rwanda13.259South Africa8.311Average9.837Data Source[@bib0045]

6.2. Policy experiment {#sec0095}
----------------------

This section documents the extent to which a decrease in remittance prices (*p* in the model) to 3% can affect human capital accumulation in developing economies experiencing brain drain. 3% is chosen since the UN Sustainable Development Goals is to reduce remittance prices to this percentage.

### 6.2.1. Computational method {#sec0100}

To measure the impact of reduction in the remittance price to 3% upon human capital accumulation, the new desired migration rate and the interest rate that clears the asset market under the new remittance price are simultaneously calculated.[14](#fn0070){ref-type="fn"} The subsequent change in human capital is calculated using Eq. [(31)](#eq0155){ref-type="disp-formula"}. Some studies document that remittances respond to changes in costs. [@bib0130] find a negative correlation between remittance prices and remittances, and [@bib0035] demonstrate that this could be substantial for migrants from El Salvador. Similarly, using survey hypotheticals of Tongan migrants in New Zealand, [@bib0140] estimate a high elasticity of remittances to changes in cost. The elasticity of remittances to their price for this study's sample of 8 African countries is calculated to be −0.13 based on taking each country's remittance rate and remittance price as individual points along a demand curve. Therefore, the simulations assume that the remittance rate increases by 0.13% for each 1% reduction in the remittance price.

### 6.2.2. Results {#sec0105}

The results are presented in [Fig. 1](#fig0005){ref-type="fig"} . It is found that for the sample countries, human capital increases following a remittance price reduction. The increases are detailed in [Table 4](#tbl0020){ref-type="table"} .Fig. 1Change in human capital.Fig. 1Table 4Percentage increase in human capital after price reduction.Table 4CountryPercent increase in human capitalBurkina Faso0.7864Ethiopia2.0430Ghana2.4390Kenya3.0016Namibia6.6958Nigeria3.3167Rwanda3.4545South Africa1.9645

The gains in human capital from reduction in the remittance price come mainly from lower interest rates and lower migration rates (see [Fig. 2](#fig0010){ref-type="fig"}, [Fig. 3](#fig0015){ref-type="fig"} ). The market clearing interest rate decreases as the remittance price decrease since saving increases faster than borrowing. The increase in saving comes directly from the receipt of more remittances as their transaction cost decreases. The additional remitted funds also enable households to increase human capital (brain gain) without increasing borrowing, which enables them to earn more income and increase saving.Fig. 2Change in migration rate.Fig. 2Fig. 3Change in interest rate.Fig. 3

Also, as the interest rate decreases, the threshold of ability above which households invest in human capital ($\widehat{z}$) decreases. So, with a reduction in the remittance price, households which would have ordinarily decided not to invest in human capital, reverse that decision.

Additionally, the desired migration rate (m) decreases as the remittance price falls. This implies that, as emigrated family members can send more funds home, fewer households desire to migrate. Therefore, reduction in the remittance price, by reducing migration, further increases human capital at home by curbing brain drain.

Human capital gains from the reduction in the remittance price are larger for countries with a high probability of success in migration ($l$). In other words, in economies in which it is easy to migrate, the increase in human capital from reducing the remittance price is more pronounced. One reason for this effect is that households plan their human capital accumulation decision before their migration outcome is revealed. A benefit of human capital accumulation is higher earnings and remittances sent home, upon successful emigration of a family member. A decrease in the price of remittances would increase this benefit, and it stands to reason that this increase shall be more pronounced the higher the probability of emigration.

Unsurprisingly, reduction of remittance price to 3% tends to induce a bigger increase in human capital in countries in which this price was higher to begin with, as may be seen in [Fig. 4](#fig0020){ref-type="fig"} .Fig. 4Gains from reduction in remittance prices.Fig. 4

7. Policy discussion {#sec0110}
====================

This study contends that the lowering of the prices of remittances is a potential policy tool for increasing brain gain and reducing brain drain towards raising the levels of human capital in developing economies. [@bib0055] hold that remittance prices may be reduced by such measures as improving access to bank, increasing competition between providers of remittance services, and reevaluating the level of regulation for governing these providers.

As is well known, the introduction of mobile banking has improved access to financial services in general, particularly in developing economies. Therefore, increasing access to mobile phones and investing in communication infrastructure may significantly lower remittance prices. Additionally, improving consumer information about the charges of the various providers can foster competition between them leading to lower costs. The World Bank has calculated the average cost of sending remittance via the cheapest service providers and has found that migrants often pay more than this. This suggests that dissemination of information about the lowest cost providers could bring down the cost.

Given these various means of bringing down the prices of remittances, lowering these to 3% may well be within reach. However, certain obstacles remain. U.S. regulations against money-laundering have prevented many Western banks from dealing with African remittance providers, occasionally these providers fly banknotes on airplanes to their agents in Africa, a method severely interrupted by the coronavirus pandemic as planes were grounded in many locations (The Economist, 2020). In the interest of human capital accumulation, hence economic development, in developing economies, the U.S. might consider relaxing its international funds transfer regulations, per the argument of this paper.

8. Conclusion {#sec0115}
=============

In order evaluate gains in human capital accumulation from reduction in remittance prices, this study builds a general equilibrium model in which the choices to invest in human capital and migrate are endogenous. To decide whether or not to migrate, individuals weigh the gains from the chance to earn a higher lifetime income abroad and send remittances home against their idiosyncratic preferences for consumption at home. Their migration decision then affects their borrowing and savings in the asset market, and therefore, the domestic interest rate.

Since human capital is better rewarded abroad, those who wish to migrate borrow more to accumulate more human capital in preparation (brain gain). This increased borrowing puts upward pressure on the domestic interest rate in the origin country. On the other hand, more human capital accumulation by potential migrants leads to higher earnings at home and abroad and greater remittances home, all of which has the effect of lowering interest rates. The model in this study is calibrated for a group of eight African economies which has provision for student loans, and the effect upon human capital accumulation of decreasing remittance prices to 3% is numerically derived. It is found that interest rates decrease, the desire to migrate decreases, and human capital growth rate increases.

Policymakers have already directed efforts to reduce remittance costs in the past. This study's policy recommendation is that they continue to do so by for example, increasing access to mobile banking.

Appendix A. Migration decision and migration rate {#sec0120}
=================================================

An individual considering his option to migrate in time *t* will stay at home if his preference for living at home exceeds the threshold $\widehat{\theta_{t}}$ defined by the condition $V_{ij,t}^{o_{1}} = V_{ij,t}^{d}$. Using this condition,

the expression for $\widehat{\theta_{t}}$ is derive as,$$\widehat{\theta_{t}} = \left( \frac{R^{d}}{R_{t}} \right)^{\frac{\text{δ}}{1 + \text{δ}}}x\frac{\left( {1 - \text{τ}} \right)\left( \frac{\text{Φ}}{K} \right)^{\frac{\text{λ}}{1 - \text{λ}}}}{\left( {1 - \text{λ}} \right)}$$

Therefore, anyone with home preference (*θ~i~*) above $\widehat{\theta_{t}}$, will have $V_{ij,t}^{o_{1}} > V_{ij,t}^{d}$, and will decide to stay home.

The probability that an individual's *θ~i~* exceeds the aforementioned threshold in a generation will be equivalent to the portion of that generation staying home, which is denoted by 1 − *m~t~*, where *m~t~* is the generation's desired migration rate. Given that each *θ~i~* follows a Pareto distribution as in (1), then$$1 - m_{t} = P\left( {\text{θ}_{i} > \widehat{\theta_{t}}} \right) = \left( \frac{1}{\widehat{\theta_{t}}} \right)^{\text{ε}}\,$$ $${1 - m_{t} = \,\left\lbrack {\left( \frac{R_{t}}{R^{d}} \right)^{\frac{\text{δ}}{1 + \text{δ}}}\frac{\left( {1 - \text{λ}} \right)}{x\left( {1 - \text{τ}} \right)\left( \frac{\text{Φ}}{K} \right)^{\frac{\text{λ}}{1 - \text{λ}}}}} \right\rbrack}^{\text{ε}}\,$$

The fraction of the population who would like to stay for a given generation (1−*m~t~*) is increasing in the interest rate differential on savings between the origin country and abroad $\left( \frac{R_{t}}{R^{d}} \right)$. It is decreasing in the excess return on human capital abroad, *x*.

Appendix B. Assumption in section [4.3](#sec0070){ref-type="sec"} {#sec0125}
=================================================================

In section ([4.3](#sec0070){ref-type="sec"}), it was assumed that a worker whose ability is too low to make it worth investing in human capital while staying home, will also find it not worthwhile to invest and migrate. Formally, for a worker with *z~j~* below $\widehat{z}$, $V_{ij,t}^{n}$ is above $V_{ij,t}^{d}$. In this appendix, an explicit condition is derived that guarantees that this assumption holds. To do so, a second threshold of *θ~i~*, called $\overset{¯}{\theta_{j,t}}$, is derived, above which it is guaranteed that $V_{ij,t}^{n} > V_{ij,t}^{d}$ for all those whose *z~j~* \< $\widehat{z}$. $\overset{¯}{\theta_{j,t}}$ is given by,$$\overset{¯}{\theta_{j,t}} = \frac{1}{a}R^{\frac{\delta}{1 + \delta}}\left( {1 - \tau} \right)xz_{j}h_{ij,t}^{d},\forall z_{j} < \widehat{z}.$$

The assumption in section ([4.3](#sec0070){ref-type="sec"}) can now be rewritten as follows; a worker with low enough ability (*z~j~* \< $\widehat{z}$), will have a θi high enough to exceed $\overset{¯}{\theta_{j,t}}$.

Appendix C. Aggregation Details {#sec0130}
===============================

Using the expression for optimal human capital and saving of stayers given by [(7)](#eq0035){ref-type="disp-formula"} and [(8)](#eq0040){ref-type="disp-formula"}, and using the expression for optimal human capital and savings for those who wish to migrate given by [(17)](#eq0085){ref-type="disp-formula"} and [(19)](#eq0095){ref-type="disp-formula"}, aggregate savings in [(33)](#eq0165){ref-type="disp-formula"} can be rewritten as,$$S_{t} = {\int_{\widehat{z}}^{1}{\left\{ {z_{j}^{\frac{1}{1 - \text{λ}}}\left( \frac{\text{λ}}{R_{t - 1}} \right)^{\frac{\text{λ}}{1 - \text{λ}}}\frac{\text{δ}}{1 + \text{δ}}\left( {\left( {1 - \text{λ}} \right) + m_{t}\left( {\left( {1 - l} \right)\left( {1 + \left( {1 - p} \right)\text{ϕ} - \text{λ}\frac{\text{Φ}}{K}} \right)\left( \frac{\text{Φ}}{K} \right)^{\frac{\text{λ}}{1 - \text{λ}}} - \left( {1 - \text{λ}} \right)} \right)} \right)} \right\} f\left( z \right)dz}}$$

Using the expressions for optimal borrowing of stayers given by [(6)](#eq0030){ref-type="disp-formula"}, and for optimal borrowing for those who wish to migrate given by [(16)](#eq0080){ref-type="disp-formula"}, aggregate borrowing in [(34)](#eq0170){ref-type="disp-formula"} can be rewritten as,$$B_{t - 1} = {\int_{\widehat{z}}^{1}{\left\{ {\left( \frac{z_{j}\text{λ}}{R_{t - 1}} \right)^{\frac{1}{1 - \text{λ}}}\left( {1 + m_{t}\left( {\left( \frac{\text{Φ}}{K} \right)^{\frac{1}{1 - \text{λ}}} - 1} \right)} \right)} \right\} f\left( z \right)dz}}$$

Appendix D. Equilibrium Existence {#sec0135}
=================================

Substituting *R* into the Eq. [(40)](#eq0200){ref-type="disp-formula"} that governs migration and imposing *m~t~* = *m*,$$1 - m = \underset{f{(m)}}{\underbrace{\text{α}^{\text{ε}}\left\lbrack {g\left( m \right)} \right\rbrack^{\frac{\text{ε}\text{δ}}{1 + \text{δ}}}}}$$where $\text{α} = \left\lbrack {\left( \frac{1}{R^{d}} \right)^{\frac{\text{δ}}{1 + \text{δ}}}\frac{\left( {1 - \text{λ}} \right)}{x\left( {1 - \text{τ}} \right)\left( \frac{\text{Φ}}{K} \right)^{\frac{\text{λ}}{1 - \text{λ}}}}} \right\rbrack$.

Eq. [(44)](#eq0220){ref-type="disp-formula"} implicitly defines the steady state level of migration for the economy and depending on the values of *λ*, *ε*, *x*, *τ*, $\phi$ and *δ* over \[0,1\], the relevant range for *m*. Evaluating *f*(*m*) at *m* = 1, it is evident that *f*(1) *\>* 0. Therefore, at *m* = 1, *f*(*m*) is above 1 − *m*. Therefore, if *f*(0) *\<* 1, this would imply that that *f*(*m*) would start below (1 − *m*) and it would cross (1 − *m*) to reach the point *f*(1) above (1 − *m*) and an equilibrium exists. The equilibrium would be unique since *f*(*m*) is monotonic given that *g*(*m*) is monotonic. Therefore, a sufficient and necessary condition for an equilibrium characterized by 0 *\< m \<* 1 to exist is for $f\left( 0 \right) = \text{α}^{\text{ε}}\left\lbrack {\frac{1 + \text{δ}}{\text{δ}}\frac{\text{λ}}{1 - \text{λ}}} \right\rbrack^{\frac{\text{ε}\text{δ}}{1 + \text{δ}}} < 1$. A simple sketch of the proof can be seen in [Fig. 5](#fig0025){ref-type="fig"}, [Fig. 6](#fig0030){ref-type="fig"} .Fig. 5Equilibrium level of migration and interest rate -- $g’(m)\, > \, 0$.Fig. 5Fig. 6Equilibrium level of migration and interest rate -- $g'(m)\, < \, 0$.Fig. 6

Small countries such as Suriname, Guyana, Haiti, and Jamaica, are typically more affected, with skilled emigrants accounting for around 80% of the educated workforce.

Current estimates indicate that remittance transactions costs can add up to an average of 10% of the amount sent and a large variance across countries.

[@bib0210] and [@bib0240] go on to show that the migration possibilities of particular skilled workers can improve productivity, and [@bib0180] show that with migration, higher variance in the home country's return to education compared to that of the foreign country increases human capital.

Some work on the effect of remittances on human capital has focused on the educational attainment of the children left behind (see [@bib0020]; [@bib0160], and [@bib0225]; [@bib0050], and [@bib0120].

Additionally, [@bib0005] and [@bib0215] show that loans can substitute for remittances.

[@bib0195] assume that ability follows a uniform distribution so they can derive closed form solutions for their model.

The superscript *o*~1~ is used to distinguish domestic savings and earnings of stayers who never wanted to migrate, and the domestic savings and earnings of stayers who would have liked to migrate but failed and are denoted by the superscript *o*^2^.

Skilled emigrants account for around 30% of the educated workforce in Lebanon, where the article was published. This number is likely to be underestimated since it ignores migration of skilled workers to the Gulf countries and other developing countries ([@bib0110]).

Despite including the assumption of defaulting migrants, a positive relationship between human capital accumulation and migration is still found.

For example, if there are two family members, one migrates while the other stays, then. On the other hand, if there are 3 family members, one migrates and two stay, then.

[@bib0195] make a similar assumption when calibrating their model in order to guarantee that some population will remain home regardless of migration restrictions. This assumption is further discussed in the [Appendix B](#sec0125){ref-type="sec"}.

The i subscript is dropped since optimal human capital does not depend on *θ~i~*.

This information along with more examples have been accumulated by The International Comparative Higher Education Finance and Accessibility Project.

Technically, the interest rate that clears the asset under the condition given by equation [(35)](#eq0175){ref-type="disp-formula"} is found such that the migration rate is given by equation [(40)](#eq0200){ref-type="disp-formula"}.
